Since the establishment of the inflammatory basis of atherosclerosis, several pro-or anti-inflammatory agents have been examined as potential mediators of the biochemical pathways of lesion formation. Interleukin (IL)-8 was first characterized in 1987. Since then, knowledge regarding its role in leucocyte trafficking and activation has advanced rapidly, especially in the field of cardiovascular disease. In the scientific literature, there is sufficient evidence to support beyond any doubt the involvement of IL-8 in the establishment and preservation of the inflammatory micro-environment of the insulted vascular wall. However, how the information derived from in vitro studies and animal models can be applied in clinical practice has yet to be determined. In the present review, the available evidence regarding the role of IL-8 in cardiovascular disease is presented, and future perspectives are discussed.
1. Introduction
Chemokines
The concept of proteins dedicated to cell recruitment and activation in sites of inflammation has been recognized since the days of Metchnikoff. However, it was not until 1970 that the term 'cytokine' was introduced to refer to a large family of peptides involved in a broad range of cell signalling and activation. 1 Chemokines are low molecular weight chemotactic cytokines. They consist of an expanding family of 50 ligands and 20 receptors. 2 Chemokines are defined and classified by their functional and structural characteristics. As their name implies, their function is to induce the direct migration of cells to the site of inflammation. In terms of their structure, chemokines are small, with a molecular mass of 8-10 kDa. 2, 3 They share 20-50% gene and amino acid sequence homology, and possess conserved amino acids that are responsible for the creation of their threedimensional or tertiary structure. Typically, the first two cysteines in a chemokine are situated close together near the N-terminal of the mature protein, with a third cysteine residing in the centre of the molecule and a fourth near the C-terminal. 2, 4 Based on the number and structural arrangement of their amino-terminal polypeptide sequence, chemokines are divided into four subfamilies. 4 CXC chemokines have a single amino acid separating the two amino-terminal cysteine residues of the protein. CC chemokines do not have the intervening amino acid between the cysteines. 4 The CX3C subfamily has a single member, fractalkine (FKN), which possesses three amino acids separating the two amino-terminal cysteine residues. 5 The C subfamily comprises the recently discovered lymphotactine (XCL1) and single C motif chemokine 1 (SCM1 or XCL2). These are the only C family members identified to date and are characterized by a lack of two of the four conserved cysteines in the mature protein. 6, 7 Most chemokines are produced as propeptides, beginning with a signal peptide of 90 amino acids that gets cleaved to the bioactive molecule during the process of its secretion from the cell. 8 Chemokines exert their biological activity by binding to specific cell surface receptors. An unusual characteristic of most chemokine receptors is their high affinity for multiple ligands. 8 
The chemokine network in atherosclerosis
Atherosclerosis is considered to be a disease involving inflammatory cascades initiated by a diverse group of stimuli. The implication of chronic inflammation in the pathogenesis of atherosclerotic lesions was initially proposed by Virchow 9 in the mid-nineteenth century and evolved over the next century into the response-to-injury hypothesis described by Ross and Glomset. 10 One of the earliest events in the latter model of atherogenesis is leucocyte adhesion to the dysfunctional endothelium. A variety of cells have been identified in the time course of lesion development. Monocyte-derived macrophages comprise the majority of cellular components of the inflamed vascular tissue. However, the presence of lymphocytes and, to a lesser extent, mast, dendritic, and endothelial progenitor cells has been directly demonstrated in various experimental settings. 11 Although a variety of stimuli can trigger the inflammatory cascade, lipid accumulation is by far the most favourably substantiated factor in experimental atherosclerosis. Extracellular accumulation of lipids occurs early in response to increased plasma lipoprotein levels. 12 Low-density lipoprotein (LDL) is modified rapidly in the subendothelial space into minimally modified LDL, and subsequently into oxidized LDL (oxLDL). 12 Although direct chemotactic properties have been attributed to oxLDL, 13, 14 the accumulation of oxLDL in the intima of the vessel promotes infiltration of the inflammatory cells mostly by inducing chemokine activity. 12, 15 Each stage of atherogenesis is regulated by specific chemokine ligand/receptor interaction appropriately described by Zernecke et al. 16 as 'a framework of highly elaborated and specialized division of labour'.
In the initial stages of atherogenesis, oxLDL induces the expression of monocyte chemotactic protein (MCP)-1, FKN, and growth-related oncogene (GRO)-a by smooth muscle cells (SMCs) and endothelial cells (ECs). 17, 18 Activated platelets can be an alternative chemokine source depositing regulated on activation normal T cell expressed and secreted (RANTES) and platelet factor 4 on ECs lining early atherosclerotic lesions. 17, 18 The interaction of FKN, RANTES, and GRO-a with the receptors CX3CR1, CCR1, and CXCR2, respectively, is currently considered to be an early pathway leading to the firm adhesion of rolling monocytes to stimulated endothelium. [17] [18] [19] GRO-a immobilized on the surface of ECs via heparin proteoglycans induce the firm adhesion of rolling monocytes expressing CXCR2 17 , whereas FKN as a structurally unique chemokine fused to a transmembrane mucin stalk acts as an efficient adhesion molecule through an integrin-independent mechanism. 20 MCP-1 takes the process one step further. Soluble MCP-1, secreted by ECs and SMCs, induces structural changes in the cytoskeleton of CCR2-expressing adherent monocytes, potentiating transendothelial migration. [17] [18] [19] Concurrently, CXC chemokines induced by interferon (IFN)-g, as well as IFN-inducible protein 10, monokine induced by IFN-g, and IFN-inducible T cell a chemoattractant expressed on stimulated ECs interact with CXCR3-expressing T cells, inducing their rapid and shear-resistant arrest and increasing the vascular inflammatory response. [17] [18] [19] 21 The peripheral blood homeostasis and homing of neutrophils and vascular progenitor cells with relevance to atherosclerosis is controlled by CXCR2 and CXCR4 and their ligands interleukin (IL)-8 and GRO-a. 16 IL-8 is highly expressed by lesion macrophages, as well as by ECs and SMCs. IL-8, although mainly a granulocyte chemoattractant, also induces the firm adhesion of CXCR2-expressing monocytes to endothelium under physiological flow conditions. 21 As in the case of RANTES, GRO-a, and FKN, IL-8 is involved in the firm adhesion of rolling monocytes in the early stages of atherogenesis. 16, 17 However, a role is implied in the more advanced stages of atherosclerosis, probably by potentiating plaque angiogenesis. 22 Therefore, in the course of atherosclerosis, chemokines form a complicated network by promoting specific cellular interactions.
Different chemokines promote different pathways. However, the interaction of the same chemokine ligand with different receptors also results in a different outcome. Through the use of selective receptor antagonists, Weber et al. demonstrated that CCR1, but not CCR5, mediated RANTES-induced arrest of monocytes, and activated T and Th1 cells. CCR5 promoted spreading of the cells along the endothelium, whereas both CCR1 and CCR5 contributed to transendothelial chemotaxis of the cells triggered by RANTES. 23 Moreover, specific chemokine/ligand interactions lead not only to specific mononuclear subpopulations recruitment but also to the chemotaxis and activation of distinct monocyte subsets. 16 Thus, it is obvious that chemokine pathways most actively implicated in atherosclerosis, such as FKN/CX3CR1, MCP-1/CCR2, GRO-a/ CXCR2, and IL-8/CXCR2, are recruited in specific stages of lesion formation in a highly specialized and collaborative manner.
In the present review, an effort is made to provide data related to the role of IL-8 in atherogenesis. Data derived from in vitro studies and animal models regarding the role of IL-8 in atherogenesis are limited, perhaps due to the initial role that has been attributed to IL-8, i.e. as a mainly neutrophil chemoattractant. However, IL-8 has been intensively studied as a potential marker of atherosclerosis. Serum IL-8 levels have been tested for their ability to identify the presence of subclinical atherosclerosis, as well as to predict the occurrence and outcome of acute coronary events.
IL-8: structural and functional characteristics
IL-8, or CXCL8 based on the latest nomenclature, represents the prototypical chemokine of the CXC subfamily. 24 IL-8 is actively secreted in the extracellular space as a result of a variety of cellular stimuli. It is a small protein; its mature, fully active form has only 72 amino acids. Transcription of the IL-8 gene encodes for a protein of 99 amino acids that is proteolytically cleaved to a biologically active peptide of either 77 amino acids in non-immune cells or 72 amino acids in monocytes and macrophages. 25 A wide variety of cell types, including virtually all nucleated cells, are potential sources of IL-8. [24] [25] [26] However, the principal cellular sources of IL-8 are typically monocytes and macrophages. IL-8 bears the primary responsibility for the recruitment of monocytes and neutrophils, the signature cells of acute inflammatory response. Cellular recruitment occurs through the development of a chemotactic gradient, which causes the inflammatory cell to move towards an area of increased chemokine concentration. 27 In vivo, the chemotactic gradient may be generated by the binding of IL-8 to basement membrane proteins. This gradient aids in bringing cells towards the site of inflammation and also retains them once they have arrived. 27 In addition to recruitment, IL-8 serves to promote the activation of monocytes and neutrophils. [24] [25] [26] [27] The biological effects of IL-8 are mediated through the binding of IL-8 to two cell surface receptors, CXCR1 and CXCR2. 28, 29 These G-protein-coupled receptors share considerable structural similarity and induce a nearly identical range of biological activities. 28, 29 Signals are transmitted across the membrane through ligand-induced structural changes, exposing epitopes on the intracellular loops and carboxy-terminal tail of the receptor. These epitopes promote coupling to functional heterotrimeric G proteins. 30, 31 The biological activity of IL-8 and other CXC chemokines is in part dependent on the ELR amino acid motif. The presence of these three specific amino acids is crucial for the binding of IL-8 to its receptor. 32 IL-8 is resistant to temperature and proteolysis, and is relatively resistant to acidic environments. These biochemical characteristics make it an ideal candidate molecule for sites of acute inflammation, where it must withstand harsh and hostile conditions. 32 Another unique functional characteristic of IL-8 is its relative longevity at sites of acute inflammation. 32 It is produced early in the inflammatory response, but remains active for a prolonged period of time, even days and weeks. This is in contrast to most other inflammatory cytokines, which are typically made and cleared in vivo in a matter of hours. 32 A third interesting aspect IL-8 involves the oxidant regulation of gene expression. IL-8 is highly sensitive to oxidants, and anti-oxidants substantially reduce IL-8 gene expression. 33 The role of oxidants in the regulation of IL-8 and other chemokines has relevance in the field of cardiovascular disease, where ischaemia-induced oxidative stress is both a marker of disease and a potential therapeutic target. Rus et al. first reported high levels of IL-8 in the human arterial atherosclerotic wall, as cellular and extracellular deposit in the connective tissue matrix. Quantitative determination of IL-8 by enzyme-linked immunosorbent assay revealed that IL-8 levels were significantly increased in fibrous plaques compared with normal intima. 34 Apostolopoulos et al. took this one step further, identifying macrophages as the main source of IL-8 in atherosclerotic plaques. The authors demonstrated an enhanced capacity of macrophages to produce IL-8 compared with normal and patient blood monocytes, and concluded that macrophages are a major site of IL-8 mRNA production in atherosclerotic plaques. 35 Similarly, a year later, Liu et al. detected high levels of IL-8 in foam cells from human atherosclerotic tissue, compared with monocytes or monocyte-derived macrophages in culture. The authors further demonstrated that oxysterols stimulate IL-8 production by monocytes and monocyte-derived macrophages in vitro in time-and dosedependent manners. 36 However, not only macrophages, but practically every cellular component of the vascular wall has been reported to be a potential source of IL-8. Dje N'Guessan et al. 37 showed that oxLDL induced IL-8 and MCP-1 secretion in cultured ECs, and further demonstrated that oxLDL-induced IL-8 and MCP-1 were reduced in cells treated with statins. Geisel et al. 38 reported that IL-8 expression by cultured ECs was enhanced in a dose-dependent manner by homocysteine-a well-recognized independent risk factor for atherosclerosis. Ryoo et al. reported that vascular SMCs are another potential source of IL-8, demonstrating that LDL-stimulated vascular SMCs induced IL-8 production in dose-and time-dependent manners at the transcription level. The authors further revealed that LDL intracellular signalling is conveyed via the generation of hydrogen peroxide (H 2 O 2 ), the phosphorylation of p38 MAPK, the activation of AP-1, and the participation of NF-kB. 39 Similarly, Ito et al. reported that Ang II increased IL-8 production, whereas fluvastatin decreased basal and Ang II-induced IL-8 production in human SMCs. These findings indicated that Ang II may exacerbate atherosclerosis through the induction of IL-8 in vascular SMCs. The authors concluded that statins may exert therapeutic effects by modulating IL-8 synthesis in patients with atherosclerotic disease. 40 Once the presence of IL-8 in atherosclerotic plaques was sufficiently substantiated, with macrophages, SMCs, and ECs identified as its main sources, many investigators sought to identify the pathways leading to IL-8 release in sites of atherogenesis. Notably, Gerszten et al. demonstrated that IL-8 can rapidly cause rolling monocytes to firmly adhere to monolayers expressing E-selectin, whereas related chemokines do not. These effects were not correlated with the induction of a calcium transient or with chemotaxis. The authors concluded that IL-8 is an important modulator of monocyte-endothelial interaction under flow conditions-a rather unexpected role for a chemokine that was previously considered a mere neutrophil chemoattractant. 41 Yue et al. 42 demonstrated that IL-8 is also a mitogenic and chemotactic for vascular SMCs, as it induced the concentration-dependent stimulation of DNA synthesis and cell proliferation in both human and rat aortic SMCs. Additionally, Moreau et al., by applying immunohistochemistry in human atherosclerotic plaques, revealed the expression of tissue inhibitor of metallopeptidase (TIMP)-1 in some but not all macrophage-and IL-8-rich areas. The authors further demonstrated that IL-8 inhibited TIMP-1 accumulation in vitro and concluded that IL-8 may play an atherogenic role by inhibiting local TIMP-1 expression, thereby leading to an imbalance between matrix metalloproteinases and TIMPs at focal sites in the atherosclerotic plaque. 43 Rydberg et al. 44 demonstrated that hypoxia enhanced 25-hydroxycholesterol (25-OH-chol)-induced IL-8 secretion in human monocyte-derived macrophages, and provided evidence indicating that both 25-OH-chol and hypoxia mediate increased IL-8 secretion by increasing the level of the intracellular signalling molecule, H 2 O 2 . Yang et al. demonstrated that tumour necrosis factor (TNF)-a stimulated IL-8 expression at the RNA and protein level in human umbilical vein ECs. The authors further demonstrated that aspirin significantly inhibited the release of TNF-stimulated MCP-1 and IL-8, proposing an additional therapeutic effect of aspirin in atherosclerosis. 45 Kim et al. evaluated the expression of IL-8 in cultured vascular SMCs obtained from the thoracic aorta of spontaneously hypertensive rats (SHRs) and normotensive Wistar-Kyoto rats (WKY), and demonstrated that IL-8 expression in thoracic aorta tissue and vascular SMCs was significantly higher in SHRs than in WKY mice. This suggests that IL-8 plays an important role in the pathogenesis of hypertension. 46 In an entirely novel experimental setting, Henrichot et al.
showed that perivascular white adipose tissue (pWAT)-which is markedly increased by a high-fat diet-is in close proximity to the vascular walls and serves as a potential source of IL-8, particularly at sites that tend to develop atherosclerosis. The authors concluded that human pWAT has chemotactic properties due to its secretion of different chemokines, and proposed that it might contribute to the progression of obesity-associated atherosclerosis. 47 Simonini et al. assessed whether IL-8 plays a role in mediating angiogenic activity in atherosclerosis. The authors demonstrated in a rat cornea micropocket assay that neutralizing IL-8 attenuated in vivo corneal neovascular response, and concluded that in human coronary atherosclerosis, IL-8 is an important mediator of angiogenesis that may contribute to plaque formation via its angiogenic properties. 22 Additional supporting evidence that IL-8 plays a role in atherogenesis was provided by a brilliant animal model constructed by Boisvert et al. The authors used LDL receptor knockout mice that were irradiated and repopulated with bone marrow cells lacking the murine homologue of IL-8 receptor, CXCR2. They concluded that double knockout mice had less extensive lesions and fewer macrophages than those receiving bone marrow cells expressing the receptor. 48 However, since CXCR2 has multiple ligands (CXCL1 and CXCL8), the latter study is not definitive in substantiating a role for IL-8 in atherosclerosis. In fact, Weber et al. 49 provided evidence that macrophage migration inhibitory factor (MIF) might also be an alternative CXCR2 ligand. The authors further demonstrated that MIF possesses a pseudo-(E)LR motif that enables MIF to act as a noncanonical CXCR2 ligand, and concluded that this structural resemblance may be the background of pro-inflammatory MIF/CXCR2 interactions. Consequently, deletion of CXCL1 in LDLr 2/2 mice 16 reduces atherosclerosis to a lesser extent than bone marrow CXCR2 deficiency in LDLr 2/2 mice, with effects on macrophage accumulation in established rather than early lesions. Thus, MIF, as a CXCR2 alternative ligand, may partially compensate for a lack of CXCL1. 16 Nevertheless, Boyle et al. 50 evaluated the effect of direct IL-8 inhibition on the degree of myocardial injury encountered during reperfusion in New Zealand White rabbits, demonstrating that the neutralization of IL-8 significantly reduced the degree of necrosis in a rabbit model of myocardial ischaemia-reperfusion injury.
Data derived from case-control studies
The scientific literature is overflowing with evidence regarding the potential role of IL-8 in atherosclerosis, either as a marker or as a potential therapeutic target.
A popular field of investigation is the determination of whether IL-8 is a predictor of short-or long-term outcome in patients with coronary artery disease (CAD). Most recently, Inoue et al. evaluated the serum levels of 10 cytokines as potential markers of long-term outcome in angiographically identified stable CAD. The authors concluded that IL-8 was the only cytokine to predict cardiovascular events, doing so independently of the other nine cytokines and high sensitivity C-reactive protein. 51 Elmas et al. The authors demonstrated that IL-8 is a powerful independent predictive factor for cardiovascular and overall mortality in ESRD patients. 53 Finally, in the largest case-control study assessing the predictive value of IL-8 in patients with CAD, Herder et al. demonstrated that baseline concentrations of IL-8 were significantly higher in CAD than in non-CAD patients. However, adjustment for further cardiovascular and immunological risk factors attenuated the observed association, and the authors concluded that systemic levels of IL-8 precede CAD, but do not represent an independent risk factor. 54 In the field of interventional cardiology, DominguezRodriguez et al. evaluated IL-8 levels after percutaneous coronary intervention (PCI) in patients with acute myocardial infarction (AMI). The authors concluded that increased serum levels of IL-8 after PCI are probably a predictor of the development of heart failure in patients with AMI. 55 Vogiatzi et al. investigated the potential influence of two common polymorphisms of the IL-8 gene, 2251A/T, and 781C/T, on susceptibility to CAD. The authors reported that the frequency of the 251AA genotype was lower in CAD patients with a history of acute coronary syndromes than in asymptomatic subjects or patients with stable CAD, and suggested that the genetic diversity of the IL-8 gene influences the clinical manifestation of CAD. 56 The same authors later assessed the impact of the 2251A/T and 781C/T polymorphisms on the outcome of PCI, reporting an association between the T251T781 haplotype and in-stent restenosis (ISR) and suggesting that IL-8-mediated pathways are implicated in the process of ISR. 57 IL-8 has also been thoroughly investigated in terms of its impact on the outcome of cardiopulmonary bypass (CPB) and cardiac transplantation (CT) surgeries. Kawamura et al. 58 assessed serum IL-8 levels in patients subjected to coronary artery bypass grafting (CABG), ascertaining that the levels increased significantly and remained elevated for 180 min after the declamping of the aorta. Hummel et al. evaluated IL-8 levels in patients with cardiogenic shock or end-stage heart disease treated with assist device implantation as a bridge to heart transplantation. Reduced levels of IL-8 were correlated with uncomplicated course of disease, and the authors concluded that monitoring IL-8 values during ventricular assist device support allows for the early identification of high-risk patients and may aid in the optimization of antimicrobial therapy and the selection of the appropriate time for transplantation. 59 Kawamura et al. reported increased serum levels of IL-8 in patients 1 h after CABG surgery. Patients pre-treated with methylprednisolone had lower serum concentrations of IL-8 compared with non-treated patients. 60 Oz et al. reported increased serum levels of IL-8 in patients subjected to CT compared with those who underwent elective cardiac surgery (non-CT). This observation was attributed to the longer ischaemic times of CT patients compared with those of non-CT patients, and the authors suggested that IL-8 may contribute to myocyte injury after prolonged hypothermic cardiac ischaemia, as occurs during human CT. 61 Burns et al. evaluated the expression levels of IL-8 in myocardial and skeletal muscle tissue in patients subjected to CPB with or without hypothermic arrest. The authors concluded that during CPB, the production of IL-8 mRNA in myocardial and skeletal muscle occurs in most patients. This may result in increased local IL-8 concentrations, contributing to tissue injury after CPB. 62 Nandate et al. measured IL-8 levels in paired arterial and jugular bulb samples obtained before, during, and after CPB, and observed an increase in juguloarterial IL-8 gradients 1 h post-CPB up to 6 h post-CPB. The authors concluded that these data imply specific and significant IL-8 production in the cerebrovascular bed during CPB. 63 Wu et al. 64 assessed the impact of IL-8 serum levels post-CABG on the incidence of post-operative atrial fibrillation (AF) in CABG patients and reported higher concentrations of serum IL-8 in CABG patients with postoperative AF, suggesting that inflammation is implicated in the pathogenesis of post-operative AF following open heart surgery.
Many investigators have assessed IL-8 as a potential marker of unstable CAD, with remarkably equivalent results. Kanda et al. 65 evaluated serum levels of IL-8 related to the clinical presentation of CAD and concluded that elevated serum IL-8 is a useful marker for the detection of unstable angina, as well as an earlier marker of AMI than changes in serum myoglobin, leucocytes, creatine kinase, or creatine kinase-MB. Similarly, Zhou et al. 66 demonstrated that serum levels of IL-8 were significantly higher in patients with unstable angina or AMI than in healthy control subjects, suggesting that IL-8 is involved in the process of ischaemic heart disease. Subsequently, Romuk et al. evaluated serum IL-8 in patients with stable and unstable CAD. Higher levels of IL-8 were observed in patients with unstable CAD, leading the authors to conclude that IL-8 may be a useful clinical predictor of unstable CAD. 67 The same hypothesis was tested more recently by Hashmi and Zeng. The authors assessed serum IL-8 levels in patients with different clinical presentations of CAD. In accordance with previous results, the increased activity of IL-8 was observed in patients with unstable angina and AMI compared with those with stable CAD. 68 Abe et al. 69 reported that serum IL-8 concentrations showed a transient rise during the very early phases of AMI, indicating the importance of IL-8-mediated pathways in the development of myocardial injury in AMI. Schömig et al. investigated the relationship of circulating progenitor cells and IL-8 in AMI, demonstrating an association of IL-8 and circulating CD133þ CD45-progenitor cells in AMI and concluding that in AMI, IL-8 is associated with circulating progenitor cells. The above pathway, in addition to the pro-angiogenic functions of IL-8, may contribute to new vessel generation and may thereby improve myocardial function. 70 Riesenberg et al. reported increased levels of IL-8 in the sera of patients with AMI, with significantly higher levels in those with complicated myocardial infarction. The highest levels of IL-8 were detected at the time of admission to the coronary care unit, and thereafter decreased significantly. This indicated that IL-8 contributes to neutrophil-mediated tissue injury. 71 Finally, de Winter et al. 72 reported that IL-8 released in plasma after AMI subsequently binds to red blood cells, resulting in only a transient rise of plasma IL-8 and a more prolonged increase in erythrocyte-bound IL-8. In accordance with the latter observation, Tziakas et al. later reported that erythrocyte membrane-bound IL-8 is elevated in patients with acute coronary syndromes compared with those with chronic stable angina. The authors suggested that these findings underscore the role of erythrocytes in the development of unstable atherosclerotic plaque. 73 IL-8 has also been assessed as a marker of outcome in patients resuscitated following cardiopulmonary arrest. Most recently, Oda et al. 74 evaluated cerebrospinal fluid and serum IL-8 and IL-6 levels in such patients, demonstrating a significant correlation between Glasgow Outcome Scale score evaluated 6 months after resuscitation with levels of cerebrospinal fluid, IL-8, and IL-6. These results are in agreement with the findings of Mussack et al., who compared S-100B and IL-8 serum levels at the time of admission and levels 12 h after admission with neurological longterm outcome 12 months after cardiac arrest following the return of spontaneous circulation, as well as after severe traumatic brain injury. The authors concluded that significantly elevated S-100B and IL-8 serum levels 12 h after cardiac arrest suggest that primary brain damage and systemic inflammatory response are comparably serious with the damage involved in traumatic brain injury. 75 Finally, IL-8 has been evaluated as a marker of atherosclerosis in patients at high risk without direct evidence of CAD. In this area, Kim et al. demonstrated that circulating levels of MCP-1 and IL-8 are associated with obesity-related parameters such as body mass index, waist circumference, C-reactive protein, IL-6, HOMA, and high-density lipoprotein. These findings suggest that circulating MCP-1 and/or IL-8 may be a potential marker, linking obesity with obesity-related metabolic complications such as atherosclerosis and diabetes. 76 Similarly, in primary prevention, Trøseid et al. reported that physical exercise significantly reduced MCP-1 and IL-8 levels, demonstrating a reduction in serum IL-8 in patients with metabolic syndrome subjected to a physical exercise programme compared with baseline levels and with the levels of a non-exercise control group. The authors concluded that the protective effect of physical exercise might be due in part to the suppression of the inflammatory process. 77 Besides physical exercise, statins seem capable of affecting atherosclerosis-related increases in IL-8 production. In this respect, Rezaie-Majd et al. demonstrated that simvastatin exerts anti-inflammatory properties by down-regulating IL-8 production by the endothelium and leucocytes. These effects, which were substantiated in vivo and in vitro, may explain some of the clinical benefits of these drugs in the treatment of atherosclerosis. 78 
IL-8 and cardiovascular disease: perspectives or utopia
Inflammation is a hallmark of atherosclerosis and takes place as a consequence of endogenous or exogenous insult of the vessel wall. The progression of this inflammatory response is primarily regulated by specific patterns of cytokine expression. The balance of pro-and anti-inflammatory cytokines is of great importance in vascular inflammation and is underscored by the fact that the in vivo down-regulation of pro-inflammatory cytokines reduces atherogenesis.
Since the establishment of the inflammatory basis of atherosclerosis, several pro-or anti-inflammatory agents have been examined as potential mediators of the biochemical pathways of lesion formation. Almost every one of the 33 currently known ILs has been implicated, in a more or less disease-specific way, in aspects of cardiovascular disease, in particular atherosclerosis.
IL-8 as a marker of cardiovascular disease
There is sufficient evidence in the scientific literature to support beyond any doubt the involvement of IL-8 in the establishment and preservation of the inflammatory microenvironment of the insulted vascular wall. However, how the information derived from in vitro studies and animal models can be applied in a clinical setting remains to be determined. The management of atherosclerotic cardiovascular disease consists of primary prevention, secondary prevention, and treatment of acute complications of atherosclerosis. Primary prevention requires overall cardiovascular risk estimation and risk factor modification. In cardiovascular risk estimation, several reports have indicated that increased serum levels of IL-8 are correlated with an increased risk of cardiovascular disease or acute cardiovascular events. However, these data are primarily the results of single-centre small-scale observational studies. There is limited data available derived from large-scale clinical trials illustrating the additive value of IL-8 on traditional risk factors as prognostic markers of short-or long-term outcome after acute cardiovascular events or in a primary prevention setting. Of note, the largest available cohort, including 381 CAD patients and 1977 controls, revealed that elevated systemic levels of IL-8 do not represent independent risk factors for coronary events. Another issue is whether additional markers for CAD are required in either a primary or a secondary setting. Inflammatory markers have to demonstrate high specificity and sensitivity and increase predictive value positively or negatively, especially if we take into account cost-efficiency parameters and the fact that most traditional risk factors are highly modifiable.
Regarding the therapeutic potential of IL-8, only limited data are available. As in any immune-modulating therapeutic approach, there are several drawbacks that need to be considered. First of all, atherosclerosis is a chronic condition; thus, long-term therapy must be applied. This raises tolerability and safety issues for a potential therapeutic agent that blocks a non-specific chemotactic pathway. Secondly, IL-8 is an important mediator of several aspects of immune response. Therefore, the complete blockade of IL-8 signalling pathways may not be desirable. Thus, techniques need to be applied to ensure that IL-8 signal blocking takes place in specific areas and tissues. An appealing area of investigation for immunesuppressive therapies is restenosis after PCI, in which IL-signalling blockers may be tested as potential agents for stent eluting. This latter approach insures better targeting and probably less side effects than systemic treatment. In human coronary atherosclerosis, IL-8 has been shown to be a mediator of angiogenesis and may contribute to plaque formation via its angiogenic properties. 22 Blocking angiogenesis has proven to be effective in reducing in-stent plaque progression. 79 No data are available to indicate that blocking IL-8 activity reduces neovascularization in the area of in-stent plaque formation. However, a specific IL-8 gene haplotype has been associated with reduced risk for ISR, providing indirect evidence that the IL-8-mediated pathways are involved in the process of ISR. 57 Thus, targeting IL-8 pathways in an effort to reduce the rate of ISR could be a challenging field of investigation.
Nonetheless, it is necessary to take into account that all therapeutic approaches to cardiovascular disease have been evaluated in large-scale clinical trials with specific endpoints. Therefore, despite its promising in vivo and in vitro indications, any IL-8 modulating therapy must be proven to exhibit the ability to reduce cardiovascular morbidity and mortality. To the best of our knowledge, no large-scale clinical trials are currently evaluating the effectiveness of IL-8-based treatments in cardiovascular disease. It will be therefore a long wait before IL-8-based therapeutic approaches find their way into clinical practice.
